2016). Microbial phylogenetic and functional responses within acidified wastewater communities exhibiting enhanced phosphate uptake. Bioresource Technology, 220, 55-61. https://doi.ABSTRACT 25 Acid stimulated accumulation of insoluble phosphorus within microbial cells is highly 26 beneficial to wastewater treatment but remains largely unexplored. Using single cell 27 analyses and next generation sequencing, the response of active polyphosphate 28 accumulating microbial communities under conditions of enhanced phosphorus uptake 29 under both acidic and aerobic conditions was characterised. Phosphorus accumulation 30 activities were highest under acidic conditions (pH 5.5 > 8.5), where a significant 31 positive effect on bioaccumulation was observed at pH 5.5 when compared to pH 8.5. 32 In contrast to the Betaproteobacteria and Actinobacteria dominated enhanced biological 33 phosphorus removal process, the functionally active polyP accumulators at pH 5.5 34 belonged to the Gammaproteobacteria, with key accumulators identified as members of 35 the families Aeromonadaceae and Enterobacteriaceae. This study demonstrated a 36 significant enrichment of key polyphosphate kinase and exopolyphosphatase genes 37 within the community metagenome after acidification, concomitant with an increase in 38 P accumulation kinetics. 39 40 Key words: Polyphosphate accumulating organisms / pH/ acid-stimulated biological 41 phosphorus removal / Polyphosphate kinase 42 43 44 45 46 47 48 65 EBPR systems depend on the interaction of complex microbial communities with the 66
Phosphorus is present at high loading in wastewater streams and is a key agent of 50 environmental eutrophication. However, the impact of soluble phosphorus contained 51 within release streams can be mitigated using technologies that induce enhanced 52 phosphate uptake by the microbial community and its intracellular accumulation as 53 insoluble polyphosphate (polyP) (McGrath and Quinn, 2003; Nielsen et al., 2010) . 54 Enhanced Biological Phosphorus Removal (EBPR) is an effective, low cost 55 biotechnological process for P removal from wastewater which is achieved by 56 modifying the conventional activated sludge system to include alternating anaerobic and 57 aerobic phases (McGrath and Quinn, 2003; Yuan et al., 2012) . 58 Although EBPR has been widely studied from the engineering and chemical phosphate uptake increased between 50% and 143% when the pH was adjusted down to 86 5.5 as compared to normal operating levels around pH 7.5 (McGrath et al., 2001) . In 87 these acidic systems, 34% of the activated sludge microflora proved to be capable of 88 increased phosphate uptake following acidification. These findings showed that that maximal polyP accumulation in the ectomycorrhizal fungus Suillus bovines was 96 35% greater at pH 5.5 than at pH 7.5. However, information on how acidic conditions 97 influence microbial community dynamics and the bioaccumulation of polyP during 98 wastewater treatment acidic remains largely unexplored.
99
Using previous observations of acid stimulated P removal and polyP accumulation, 100 we sought to understand the mechanism and taxa involved in engineered biological 101 systems which could accumulate phosphorus under these conditions. It was 102 hypothesised that there would be a significant microbial polyphosphate accumulation 103 under acid conditions in engineered wastewater treatment communities and that this 104 would be accompanied by an increase in functionally active polyP accumulators and P 105 accumulation kinetics. To understand the microbial communities involved, a combined 106 phylogenetic and metagenome analysis was used to investigate changes in the bacterial 107 community structure (16S rRNA genes) and functional diversity (metagenomics) of 108 waste treatment systems run under acidic and near-neutral conditions. These changes in 109 structural and functional diversity were evaluated relative to increases in P uptake. To 110 quantify the organisms responsible for poly P accumulation, flow cytometry and 111 coincident single cell analyses was used to enumerate functional polyphosphate 112 accumulators coupled with next generation sequencing to determine the community 113 structure and diversity of the organisms involved. The approach used provides a 'cell to 114 population' understanding of the polyP accumulation process that can then be used as 115 the basis of an optimisation strategy for acid stimulated P removal from wastewater 116 streams. Effluent from the pig pens was collected into the pits followed by release into a 100,000 127 L underground tank from where it was pumped over a static run-down screen (solid 128 separator) that removed 10-15% of the total solids. The remaining wastewater was 129 transferred to a holding tank prior to being pumped into the CAP digester (ca. 25m 130 x25m x5m) on a weekly basis (75,000 L/wk). The biogas produced from the CAP was 131 removed through a perforated pipe system placed around the perimeter of the pond.
132
Treated effluent was finally transferred to the secondary aerobic pond (ca. 50m x50m 133 x5m) for evaporation ( Fig. S1 ). Soluble orthophosphate concentrations within aerobic microcosms indicated the 234 absolute removal of P was 45% higher at pH 5.5 than at pH 8.5 after 48 hours (Fig. S2 ).
235
Subsequently, the observed increases in polyP accumulation were matched by an 236 increase in the number of microorganisms able to accumulate polyP, as determined by 237 direct epi-fluorescence microscopy and flow cytometry. Epifluorescence microscopy 238 (Fig. S3 ) showed that qualitatively, the number of DAPI-polyP stained cells increased at 239 11 pH 5.5 (Fig. S3b ) when compared to pH 8.5 (Fig. S3a) . Flow cytometric analyses for 240 quantification of polyP accumulators ( Fig.1a and 1b 2008). For these transport systems, metagenomic analyses indicated that the low affinity 297 Pit system (phosphate inorganic transport) and high affinity Pst (phosphate specific 298 transport) systems (PstA, PstB, and PstC), were higher at pH 5.5 than at pH 8.5 (Fig. 3) . 299 These data indicate that the selective enrichment for organisms that contained both 300 phosphate uptake and polyP synthesis systems are more pronounced under acid 301 conditions. This phenomenon occurs at multiple regulatory levels and increases with 302 acidification, the overall increase being underpinned by increases in the P accumulating 303 cell phenotype, driven by selection for taxa capable of increased P transport and polyP 304 conversion.
305
For polyP conversion, the bacterial ppk1 gene encoding for the enzyme (Table 1) . Thus, based upon this evidence coupled with the 16S rRNA studies, it would 314 appear that acidification is selecting for the Gammaproteobacteria and their pathways 315 as key agents in the enhanced P uptake and polyP accumulation. This is in contrast to 316 EBPR processes that appear to be driven by representatives of the Betaproteobacteria 
